Objective: Sac shrinkage is considered a reliable surrogate marker of success after endovascular aneurysm repair (EVAR). Whereas sac shrinkage is the best expected outcome, predictive factors of sac shrinkage remain unclear. The aim of this study was to identify the role of preoperative and postoperative influencing factors of sac reduction after EVAR.
The best expected outcome after endovascular aneurysm repair (EVAR) is a significant shrinkage of the aneurysmal sac and freedom from graft-related complications. Sac shrinkage is currently the best indicator of aneurysm exclusion and durable treatment success. 1, 2 Reporting standards in vascular surgery have been developed in an attempt to unify methods of conveying size changes after EVAR. 3 Diameter change of 5 mm between two consecutive computed tomography (CT) scans is considered significant for sac shrinkage or expansion. Several studies 4, 5 have shown that patients who have significant sac shrinkage in the early postoperative phase will experience fewer complications and consequently require less intensive imaging surveillance. To this end, detecting patients having a high probability of sac shrinkage is becoming almost as important as detecting patients at risk for development of complications.
Even if sac shrinkage is now considered a reliable surrogate marker of durable successful EVAR, there is a lack of consensus on the mechanisms by which sac changes occur and on real influencing factors. It is likely that demographic, anatomic, or physiologic variables may influence the behavior of the aneurysm sac after EVAR, but previous retrospective studies have shown different and contradictory results of determining influencing factors. A more detailed understanding of the sac shrinkage process is essential to enable clinicians to understand how aneurysms are expected to behave after EVAR. The aim of this meta-analysis was therefore to identify and to evaluate the role of influencing factors of sac shrinkage after EVAR.
METHODS
Search strategy. Searches were simultaneously conducted across MEDLINE, Embase, and Cochrane Library medical databases. The search keywords "endovascular," "EVAR," "sac shrinkage," "sac regression," "aneurysm shrinkage," and "aneurysm regression" were used in combination with the Boolean operators AND and OR. References of the full-text articles were also screened for other records of interest. Three authors independently performed the search and assessed the full text of all identified records for eligibility. The last search was performed on February 1, 2016. Studies published before 2000 were not considered, nor were studies in languages other than English or studies reporting fewer than 40 patients to reach correct statistical power. Publications were also excluded if they focused on subgroups of patients with specific treatment, if median follow-up was <6 months, or if studies focused on subgroups of patients with endoleak or other adverse events. In case of patients' database or registry duplicates, the more detailed publication was preferred. When articles reported only P value, results were kept for the discussion. When data on both 5-mm and 10-mm sac regression were reported, results of 5-mm regression were preferred according to the reporting standard. 3 Similarly, when data at multiple time points were available, longer follow-up was preferred.
Data extraction and quality assessment. Methodologic, population characteristic, risk factor, and outcome data were extracted and tabulated into a computerized spreadsheet. When available, the following were rigorously extracted: year of publication, range years of inclusion, study design, sample size, patient follow-up (median, by default mean), mean age, mean preoperative abdominal aortic aneurysm (AAA) diameter, sac shrinkage definition in terms of size and follow-up, sac shrinkage incidence, and information on stent graft models. The quality of the observational studies was assessed using the Newcastle-Ottawa Scale. Based on a 9-point system, patient selection, comparability of the study groups, and ascertainment of study outcome are assessed. A score of 9 stars indicates a study with a low risk of bias; a score of 7 or 8 indicates medium bias risk, whereas a score of 6 indicates a high chance of bias. For each influencing factor, the effect estimate was extracted, regardless of the reported strength of association. The effect estimate of interest for each predictor was the odds ratio (OR), which is the preferred measure of association between a potential predictor and an outcome. An OR >1 represents a positive effect of the predictor on the outcome, whereas an OR <1 represents a negative effect of the predictor on the outcome. Reported adjusted ORs from multivariate analyses were preferred. For univariate analyses, ORs were either directly extracted from text or tables or computed with reported percentages or numbers. We pooled results only on factors reported in at least three studies. For better readability, predictors have been grouped into demographic-, treatment-, comorbidity-, morphologic-, and postoperative-related factors. To minimize risk factor measurement bias, only studies with objective categorization and clear reporting were included in the analysis of individual risk factors.
Statistical analysis. Study effects were pooled using a random-effects model, and forest plots were generated for every such factor to have a better understanding of the influence of the included studies. Cohen k statistics was used to evaluate the inter-rater reliability for study eligibility, and intraclass correlations were employed to evaluate inter-reviewer reliability for data collection. Because of the high variability of included studies in terms of outcome definition, sample size, or duration of follow-up, a deep sensitivity analysis of methodologic factors was performed to study all potential biases. In particular, publication bias was visually assessed by a funnel plot and statistically assessed by Egger test 6 ; attrition bias was investigated by analyzing duration of follow-up; performance bias was evaluated by analyzing the median year of study recruitment; and selection biases were assessed by analyzing study design, sample size, mean age, and mean preoperative AAA diameter.
RESULTS
Study selection and characteristics. The online database search identified 1145 records, and 38 additional records were identified from review of the included studies following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology (Fig 1) . We excluded 1041 studies after reviewing abstracts and 42 after reviewing full text; 24 studies finally met our full inclusion criteria. Data extraction and quality assessment. There was a correct strength of agreement for the study eligibility (k ¼ 0.76; 95% CI, 0.68-0.99). Divergence in study eligibility was settled by consensus between reviewers. Overall, 94% of reported ORs were computed from univariate analysis and only 6% from multivariate analysis (linear or logistic multiple regression models). The mean Newcastle-Ottawa Scale score was 7.3, with a minimum of 6 and a maximum of 9. The sensitivity analysis did not identify any methodologic factors that influence sac shrinkage incidence, being selection, attrition, or performance bias (Fig 3) . There was also no evidence of publication bias based on the Egger test (P ¼ .10; Fig 4) .
Influencing factors. A total of 17 factors related to demography, treatment, comorbidity, morphology, and postoperative events were statistically pooled. that a reliable predictor of success is a volume reduction of 10% or more at 6 months and continuing regression sults with a larger contemporary series. In that study, patients were divided in three groups: minor, major sac regression, and no sac regression. This last group included only 2.3% of patients with sac expansion (>5 mm) and consisted therefore of the majority of patients with "sac stabilization." Results of the multivariate analysis showed that risk of late complications increased by 3.1 times for patients without sac regression (ie, almost only patients with sac stabilization) compared with major shrinkage (>10 mm), suggesting that sac regression (especially >10 mm 1 year after device implantation) is a strong predictor of long-lasting success after EVAR, probably rather than sac stabilization. Houbballah et al 1 and Bisdas et al 5 showed that AAA shrinkage >5 mm after EVAR was also associated with statistically significantly longer survival.
Based on the present random-effects meta-analysis, several independent factors have been clearly identified. Endoleaks are well-recognized factors of sac enlargement 29 ; it was therefore consistent to find that the absence of type I endoleaks, type II endoleaks, or combined type I and type II endoleaks can facilitate sac shrinkage. Paradoxically, two cardiovascular risks factors (hypercholesterolemia and smoking) showed a positive effect on shrinkage. According to the European Collaborators on Stent/graft Techniques for aortic Aneurysm Repair (EUROSTAR) registry, 30 smokers seem to be less exposed to late endograft-related complications, especially to endoleaks. This result was confirmed in the latest study 12 and could explain why smokers are more likely to present with sac regression. Other associations found in the present meta-analysis should be interpreted with caution because the majority of the included studies are retrospective. Actually, recurrent factors are identified in the included studies, and we can only make a hypothesis to explain such results. Even if aneurysmal calcifications are rarely reported, it is acknowledged that patients with renal impairment are more likely to present with arterial calcification, including the aneurysmal sac. Therefore, arterial compliance is decreasing, 31 and it would be reasonable to expect that the regression capacity of an aneurysm is partly dependent on these factors in the absence of any endoleaks. Although it is not systematically associated, patients suffering from hypercholesterolemia are often treated with statin therapy. As found in this meta-analysis, statin therapy is also associated with aneurysmal sac regression. Raux et al 13 tried
to explain how statin therapy may have a role in sac regression through the reduction of the inflammatory matrix metalloproteinases in the aortic wall particularly. It was reported in several publications 12, 30 that tobacco had paradoxically a protective effect on the occurrence of type II endoleaks, probably through the prothrombogenic effect of tobacco, which can explain why aneurysmal regression is more likely to occur in smokers.
Whereas the natural history of AAA sac evolution after EVAR in the presence of a type II endoleak remains to be defined, this meta-analysis clearly identified the absence of endoleaks of type I, type II, or combination of both as a strong predictor of sac shrinkage and by definition of technical success. However, because sac shrinkage developed in some patients over time in spite of the presence of type II endoleaks, not all type II endoleaks have an impact on sac change. In the metaregression by Karthikesalingam et al, 32 there was no evidence that any strategy for isolated type II endoleak intervention improved sac regression compared with using a conservative approach. It is in contradiction to the results of this meta-analysis.
Other factors have not been included in the metaanalysis. Influence of continuous factors on sac shrinkage is, for instance, extremely difficult to review. Because of the high heterogeneity in the definition of those factors across studies, we did not succeed in finding enough studies with available ORs and similar definition. A count of studies reporting P values of different continuous factors is proposed, however, in Fig 6. For age, proximal neck length, and proximal neck diameter, no consensus was found. For the preoperative maximum AAA diameter, contradictory results have been published (nine studies describing nonassociation vs eight studies showing significant association), and further studies will be needed on a large cohort to determine its real impact. We also did not include device-specific clinical outcomes, despite differences found in incidence of device migration, frequency of endoleaks, or risk of limb thrombosis. In particular, early results have shown that sac size change after EVAR is device specific. 33, 34 Different trials have also indicated that rates of sac expansion or regression were correlated to graft models. 2, 26 However, for the majority of them, these studies compared models of the oldest generation of stent grafts and the next one. These differences between first and second generation seem to be less important with the latest generation. Two recent studies have compared the last two generations of stent grafts, 35, 36 and it seems that there is no major difference between them in AAA-related outcomes (sac behavior, endoleaks). Both studies have shown that the most recent generation allowed more challenging anatomic cases to be treated. Since these studies have been reported, new endografts are available, and our potential conclusion about the difference between endografts would have not been relevant because the models of endografts in the meta-analysis are no longer used. A large number of factors have not been included in this meta-analysis because of lack of comparison data.
Within clinical or biologic factors, preoperative C-reactive protein level and atherosclerosis appear to be associated with an increased likelihood of sac regression, 37 as are calcium channel blockers, 15 angiotensin-converting enzyme inhibitors, 15 and tranexamic acid. 38 Chikazawa et al 39 found that an additional thoracic aortic aneurysm had a negative impact on sac shrinkage. In morphology-related factors, the absences of calcification and thrombus at the level of the iliac arteries and aortic neck have been identified as significant factors affecting aneurysm shrinkage.
14 Neck thrombus or plaque was found to be significant, 40 despite being nonsignificant in another study. 7 Overall increased proportion of thrombus on preoperative CT also resulted in greater likelihood of sac shrinkage. 41 Whereas patencyrelated factors have been mostly highlighted in predictive models of endoleaks, some studies made the association with sac shrinkage. Sheehan et al 42 and
Kray et al 43 found a significant association with patent inferior mesenteric artery and coiling of the lumbar or inferior mesenteric artery, whereas Back et al 27 identified the overall patency of aortic side branches as a significant predictor, contrary to Torsello et al. 22 Bastos Gonçalves et al 44 significantly stratified their cohort into a low-risk group (with proximal and distal seal length of 10 mm and no endoleak) and a high-risk group (with insufficient seal, presence of endoleak, or both). The mean diameter of the infrarenal aorta, 1 endograft oversizing, 45 patients without postoperative migration, 46 mean pressure index, 47 and effective seal length and surface area of circumferential apposition between the aorta and the graft material 48 are other factors of interest that will need further consideration. Finally, shrinkage rates seem to be different among hospitals, as shown using the same endograft and protocol-defined patient selection criteria. 49 Identification of influencing factors is also a first step toward predictive models. Preoperative prediction of complications or success is critical to help physicians in decision-making, to inform patients, and to adjust follow-up surveillance. As we develop a better understanding of expected aneurysmal sac evolution, similar predictive models could help preoperatively stratify patients and tailor postoperative surveillance to the expected aneurysmal sac evolution. On the one hand, patients having a low likelihood of shrinking of their sac might be at high risk of complications and thus require intensive and long-term surveillance. It may be necessary to monitor those patients carefully through continued imaging, whereas on the contrary for patients with a high likelihood of sac regression, imaging follow-up intensiveness might be reduced. According to Soler et al, 7 late failures might still occur in patients with significant sac shrinkage, so even for those patients, lifelong follow-up should be provided. To improve surveillance, another potential surveillance technique is the serial assessment of intrasac pressure. It has been shown to be feasible 50 and strongly correlated with type II endoleaks, 47 and it could help the decision-making process related to reintervention after EVAR. However, further studies are still needed to validate its utility and reproducibility. Whereas sac shrinkage is desired and remains a key factor, another important consideration is the morphologic change in length and angulation introduced by the shrinkage. Morphologic changes are regularly evaluated by using serial CT angiography to identify complications, and information about the sac diameter or volume change can be retrieved. In particular, studies have shown that volume measurements should be performed in addition to diameter measurements on CT angiography 51 for better robustness. Those changes may have an impact on attachment of the stent graft components and overall graft shape, which can be the cause of other complications. This study has some limitations. Even if the sensitivity analysis did not find any evidence of bias, and even if the study quality assessment showed that all included papers were methodologically robust, slight clinical heterogeneity, arising from differences in study populations and consequential distribution risk factors, may be present. A large range of EVAR experience, hospital routines, and complication definitions may also hamper the generalizability of the results.
Obviously, we do not recommend to our patients to smoke and stop therapy against hypercholesterolemia. For example, diabetes is a well-recognized protective factor against aneurysm rupture (not a statistical error), and nobody says that diabetes should not be controlled for in patients presenting with AAAs. Currently, data are not strong enough to determine if these factors are a statistical finding or have a real impact on aneurysmal sac behavior after EVAR.
CONCLUSIONS
As our current understanding of influencing factors of sac shrinkage after EVAR is weak, this meta-analysis aimed to determine significant factors to identify in which patients sac shrinkage is more likely to be high. Whereas diabetes, coronary artery disease, renal impairment, sac thrombus, and type I and type II endoleaks seem to prevent sac shrinkage, patients receiving statin therapy, patients with hypercholesterolemia, and active smokers may have a better chance to observe sac regression and therefore to have a lower risk of reintervention. 
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